Prolonged use of neuromuscular blocking agents (NMBAs) is very common in critically ill children both in pediatric and neonatal intensive care units. The indications for their use include mechanical ventilation, pulmonary hypertension, tetanus, malignant hyperthermia, and occasionally after surgical repairs, such as tracheal reconstructions and anastomotic repairs.[@JR140045-1] Although guidelines for use of NMBAs in adults have been present since 1995, there are no guidelines available for NMBAs use in children and neonates in the United States. Hodges showed that neonates and infants require 45% less vecuronium than older children and adults. However in many nurseries, vecuronium is still administered using pediatric-dosing guidelines, which may be an overdose for neonates.[@JR140045-2]

In critically ill infants, use of NMBAs can lead to polyneuropathy or myopathy.[@JR140045-3] [@JR140045-4] [@JR140045-5] Muscle denervation after the use of NMBAs may persist for several weeks after their use is discontinued, especially in patients with renal failure, hepatic failure, and metabolic acidosis[@JR140045-3] which may be exaggerated with concomitant use of aminoglycosides.[@JR140045-6] We present a case of a premature infant who developed persistent neuromuscular block (NMB), following prolonged administration of vecuronium bromide.

Case
====

A female infant of 28 weeks gestation was born via cesarean delivery for severe pregnancy-induced hypertension, premature prolonged rupture of membrane, class RF diabetes, and polyhydramnios. After receiving surfactant, she was extubated to continuous positive airway pressure. Treatment was begun with intravenous (IV) ampicillin (100 mg/kg every 12 hours) and IV gentamicin (5 mg/kg every 48 hours) for suspected clinical sepsis. She had an imperforate anus and type C tracheoesophageal fistula (TEF)/esophageal atresia with rectovestibular fistula. VATER syndrome was suspected so further evaluation was done which revealed an underdeveloped sacrum, echocardiography showed normal cardiac anatomy. Microarray sent showed normal female complement with two variants of unknown significance. The infant underwent primary repair of TEF, gastrostomy tube placement, and divided sigmoid colostomy on day 2 of life.

After surgery, the infant was placed on conventional mechanical ventilation, antibiotics were continued at the above-mentioned dosage, and pharmacological muscle paralysis was induced with vecuronium bromide infusion (0.1mg/kg/h) for 7 days to avoid agitation and TEF anastomotic site leak. On postoperative day 7, urine output decreased significantly (day 7 of vecuronium infusion and day 9 of gentamicin). Initially low-dose dopamine (5 µg/kg/min) along with IV hydrocortisone (0.25 mg/kg every 6 hours) was started. There was no improvement in urine output and later the patient developed anuria. She then received enteral metalazone (0.4 mg/kg daily) via gastrostomy tube and IV bumex (0.01 mg/kg daily) with no subsequent urine output for 12 days and with progressively increasing blood urea nitrogen (ranging from 94 to 126 mg/dL) and creatinine (ranging from 3.3 to 5.74 mg/dL). In addition she continued to have NMB even after discontinuing vecuronium. NMB could be transiently reversed with IV neostigmine (0.05 mg/kg) and IV atropine (0.02 mg/kg), which suggested that the NMB was due to vecuronium. This transient reversal was noted clinically as spontaneous movements, which stopped after the effect of these drugs wore off. The serum gentamicin levels (trough: 2.2 µg/mL and peak: 9.8 µg/mL) were in the toxic range ([Fig. 1](#FI140045-1){ref-type="fig"}), hence gentamicin was discontinued. Peritoneal dialysis was not an option due to prematurity and the presence of a colostomy. Therefore, three single-volume exchange blood transfusions (80 mL/kg) were done to decrease the levels of vecuronium metabolite and gentamicin. There was no improvement in the renal failure and NMB. Magnesium levels started getting elevated with onset of renal failure, whereas the potassium levels were within the normal range.
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Renal ultrasound was done at 2 weeks of life showed increased echogenicity of both kidneys consistent with renal injury and Doppler showed normal blood flow to both kidneys. All diuretics, steroids, and dopamine were continued till last day of life. Despite extensive efforts, acute renal failure progressed and could not be reversed. The patient died at 4 weeks of age due to multisystem organ failure.

Discussion
==========

This is the first reported case of a preterm infant with persistent NMB secondary to prolonged use of vecuronium infusion in the presence of renal failure. Our case highlights the importance of recognizing possibility of prolonged NMB with NMBAs in the presence of risk factors such as renal failure with concurrent use of aminoglycosides and steroids in preterm infants.

Commonly used NMBAs in neonatal intensive care units are pancuronium, vecuronium, rocuronium, and atracurium. Vecuronium is more commonly used because of its low incidence of cardiovascular side effects. It is mainly excreted via the hepatobiliary route but one of its metabolite 3-desacetyl vecuronium is excreted via renal elimination. Hence, renal failure will decrease its excretion and prolong NMB.[@JR140045-7]

The precise etiology of prolonged and persistent NMB after discontinuing NMBA in critically ill patients is not well understood. It may be prolonged by drug overdose or by accumulation of active metabolites of NMBAs. The risk factors for prolonged and persistent NMB include renal failure, metabolic acidosis, use of aminoglycosides, and hypomagnesemia.[@JR140045-4]

Dupuis et al studied the interaction between aminoglycosides (gentamicin or tobramycin) and vecuronium prospectively in 16 patients (8 patients with therapeutic levels of aminoglycosides and 8 controls---who did not receive antibiotics). Duration of prolonged and persistent NMB along with recovery time were significantly longer in patients receiving aminoglycosides and vecuronium compared with those who received only vecuronium (*p* \< 0.01 for clinical duration and *p* \< 0.0005 for recovery).[@JR140045-8] Segredo et al studied 16 critically ill adult patients receiving vecuronium for NMB. They found that persistent NMB after discontinuing vecuronium was associated with renal failure and high concentration of vecuronium metabolite (3-desacetyl vecuronium) among other factors including metabolic acidosis, female sex, and high magnesium concentration.[@JR140045-5] In adult studies, aminoglycosides such as gentamicin alone is known to cause NMB, which can be increased when used with vecuronium bromide.[@JR140045-8] [@JR140045-9] Inhibition of presynaptic acetylcholine release and stabilization of postjunctional membrane by aminoglycosides causes the prolonged NMB.[@JR140045-10] The same phenomenon has not been described in preterm infants, and the safety of using gentamicin with vecuronium has not been established.

Vecuronium can lead to persistent NMB by two mechanisms. Both vecuronium and its metabolite (3-desacetyl vecuronium) are competitive antagonists of the acetylcholine receptor at the neuromuscular junction and block the action of acetylcholine, leading to muscle paralysis.[@BR140045-11] In the presence of renal failure the excretion of 3-desacetyl vecuronium decreases, leading to prolonged NMB. Concurrent use of gentamicin with vecuronium will have a synergistic effect on NMB. Finally, steroids have the same structure as vecuronium, which may also lead to synergistic NMB action ([Fig. 2](#FI140045-2){ref-type="fig"}).[@JR140045-12] [@JR140045-13]
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In our case, we speculate that prolonged and persistent NMB was caused by prolonged use of vecuronium along with gentamicin and steroids in the setting of renal failure.

A limitation of the study is that 3-desacetyl vecuronium levels were not measured, and nerve stimulation studies were not done.

In summary use of NMBAs should be avoided if possible or should be restricted to the shortest possible duration and the smallest possible physiologically effective dose. Concurrent use of NMBAs with aminoglycoside and steroids should be avoided, especially in the setting of renal failure.
